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The deep-sea red shrimp Aristeus antennatus is the target of the most 
important fisheries along the Spanish Mediterranean coast. In the North 
Catalan margin, submarine canyons are the main geomorphological 
feature where populations of the deep-sea red shrimp present marked 
seasonal and bathimetric displacements related to its reproductive 
biology(1). We here present the methodology used in the spatial 
representation of the fishing effort on this species, produced by 
combining daily landings data from the fishermen’s associations and 
georeferenced data from the Vessel Monitoring System, with the main 
aim of analyzing the spatio-temporal distribution of the fishing effort 
in the different geomorphological areas of the submarine canyons.
INTRODUCTION
Fig. 1 Raw data representing Vessel Monitoring 
System (VMS or bluebox, Fig. 1) GPS geolocation 
dataset for years between 2007 and 2012, provided 
by the Ministry of Agriculture, Livestock and Fishery. 
All maps are drawn with QuantumGIS(2). Duplicate 
points and incorrect data were eliminated from the 
file using a database.
An SQL-based filter was applied to keep only the 
points that showed speeds slower than 4 knots, 
which correspond to actual fishing time. The 
average effective fishing daily time for each point 
was calculated using the starting and ending fishing 
time and the vessel speed.
Speed filter
Fig. 2 Data filtered by depth using a polygon that 
excludes all points shallower than 200 m and 
those deeper than 900 m, being that this range is 
the typical red shrimp fishing area. 
Daily shrimp landings data (in kilograms per size 
class) provided by fishermen’s associations were 
combined with the previous datasets to conserve 
only the points associated with shrimp landings 
at the port. We worked with figures based in an 
average year.
Depth and landings filters
Fig. 3 Main fishing grounds polygons for the 
ports of Palamós (green) and Blanes (purple). We 
discarded the landings corresponding to fishing 
trips in which vessels had been fishing in more 
than one ground in order to quantify the Catch 
Per Unit Effort (CPUE) relative to each individual 
fishing ground. This allows us to compare the 
behavior of the fleet in the three different types of 
grounds: canyon head (1 and 5), canyon wall (2 
and 7) and open slope (3 and 7).
Fishing grounds filter
Fig. 4 Grid polygon layer made of 0.25 square 
nautical miles cells (0.85746 km2) to discretize 
the spatial representation. The grid shows only 
the cells with associated shrimp landings. The 
combination of the points layer and the reference 
grid resulted in a new grid layer that included 
information about the average fishing time in 
each cell. We then calculated this fishing time 
in hours per square kilometer. We grouped the 
year in four trimesters, following the seasonal 
tendencies observed.
Reference grid
Fig. 5 Fishing effort maps in h/km2 per trimester (average 2007 - 2012). Fig. 6 Catch Per Unit Effort (CPUE) maps in total kg/h·km-2per trimester (average 2007 - 2012). 
The fishing effort maps (Fig. 5) show a seasonal displacement of 
the fleet: during the winter the effort is centered in the canyon 
head, with maximum values of 20-50 h/km2. It is in these months 
that the head of the canyon hosts the juveniles of the species (3). 
In the spring, the effort expands further out onto the open slope, 
and in the summer, when the market value of the red shrimp 
is at its highest, the fleet reaches its maximum values of fishing 
effort (an average of 71,77 h/km2), which takes place mainly in 
the canyon wall. The effort in the open slope is also increased. 
The values uniformly decrease again in autumn.
An ANOVA analysis with StatGraphics (Fig. 7) reveals 
significant differences between the three types of fishing sites: 
head, canyon wall and open slope (p-value = 0,0000), and clearly 
shows a greater fishing effort in the head of both canyons all 
year round.
Despite the generally greater effort values in the canyon head, 
the CPUE maps (Fig. 6) reveal a greater catch per unit effort in the 
open slope of the canyon throughout the year, with maximum 
values in the spring and summer months.
The trawler fleet follows a similar spatio-temporal fishing effort • 
movements in Blanes and Palamós ports.
The movements of the fleet follow the reproductive displacements • 
of the species, and thus the head of both submarine canyons presents 
a greater fishing effort than the outer parts of the canyons, especially 
in the winter.
The greater cost in fuel generated when fishing at more distant • 
fishing grounds (open slope) is compensated by greater CPUEs.
These results could now be compared to the catch per size class • 
maps to draw conclusions on which class is presenting the greatest 
effort in each type of fishing grounds.
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Fig. 7 Average values 
and LSD intervals (95%) 
corresponding to the 
ANOVA analysis for the 
fishing effort relative 
to fishing grounds type 
(canyon head, canyon 
wall and open slope)
